A number of space charge lens electrode geometries have been studied for use at very high beam currents at low energy, and for precision optics at MeV energies. One such lens mounted very near a Duo-plasmatron extractor delivered a 30-keV beam of H+ ions through an analyzing magnet at a current of 175 mA for a period of six hours. Another produced a focal spot of diameter 0.2 mm when a 1-cm diameter beam of 1.2-MeV protons was focussed 90 cm from the lens. This paper also describes observations on self-sustaining discharge in the lenses. A very interesting rotation of the lens optic axis about the geometric axis at a frequency near the drift frequency occurs when the vacuum is spoiled by electrode outgassing.
Introduction
A space charge lens consists of a cylindrical electron trap produced with ring electrodes in an axial magnetic field. The electric field strength within the trapped electron cloud increases with radius and is responsible for the focusing of a positive ion beam.
Reference 1 outlines the history and principles of such lenses. That paper and the references contained therein will serve as an introduction to this paper.
The Permanent Magnet Lens Figure 1 is a diagram of a two-electrode lens at Livermore in which the magnetic field is produced with permanent magnetst that deliver flux radially midway between the two electrodes. Flux is returned to the center through iron.. The electron traps are kept filled by a self-sustaining discharge. Enough photoelectrons and ion-produced electrons are released from grounded surfaces to replace those that are captured at the electrodes.
When the discharge is present, blue lines appear on the axis of each electrode, and these are used to align the lens. The blue lines have appeared in all the electrode geometries we have studied and are probably caused by recombination of positive ions which collect near the lens axis. tThirteen rare earth cobalt magnets, 1.25 cm square by 2.5 cm long.
0018-9499/79/0600-3115$00.75 © 1979 IEEE for a length of 18 cm. The solenoid is 12 cm long and is symmetrically placed relative to the central ring. Magnetic field strength is 925 gauss at 12 amperes coil current. It is not yet clear whether the iron return path seen in Fig. 3 is helpful. High voltage is brought to the electrodes between the inner glass tube which supports the rings, and the outer 2.5 cm ID pyrex beam tube. The system is pumped to a base pressure of 2 x 10-7 Torr by a four inch oil diffusion pump with a water cooled baffle.
After pumpdown, several hours are required to outgas the lens electrodes. After a day without voltage the electrodes again outgas for about an hour. After outgassing, the current-voltage characteristic assumes the character shown in Fig. 4 When the lens vacuum is spoiled (P > 10-6 Torr) by electrode outgassing, the lens can suddenly go into a mode which causes the focussed beam to draw a circle at the focal plane. The sense of rotation of the beam spot on the focal plane as deduced with current probes is the same as that of the electron drift in the lens.
The rotation frequency is the same as (or very near) the electron drift frequency. The radius of the focal circle increases with gas pressure. Evidently, the optic axis of the lens rotates around the geometric axis at the drift frequency.
That the effect of this magnetron rotation on a charged particle beam is substantial can be seen by the fact that we have seen focal circles 1 cm in diameter when 1.2-MeV protons were focussed at 90 cm. Also in an experiment with 30-keV protons, a six milliampere beam was chopped at 9.8 MHz by using a small aperture at the focal circle and 5 ns current pulses were observed on a downstream probe. The effect might be controlled with a split anode lens and it might be useful for chopping high current beams.
